To determine the factors that affect seasonal variation in blood pressure (BP) in a fairly large number of patients with essential hypertension who stayed almost entirely indoors in a stable environmental temperature and who took a calcium channel blocker during the study. This prospective study of hypertensive patients was conducted during the summer and winter. BP was measured by ambulatory blood pressure monitoring; the indoor temperature was measured at the time of the BP measurement using an electrothermometer with the subject awake and indoors. Subjects comprised 38 men and 57 women. The subjects spent virtually the entire day indoors during both the summer (men, 22.1 ±1.6 h; women, 23.0±0.9 h) and winter (men, 23.0±0.9 h; women, 22.9±0.9 h). During the waking hours, the systolic/diastolic BPs were significantly higher during the winter than the summer. The differences were 8±9/4±5 mmHg in men and 5±11/2±6 mmHg in women; these values were not significantly different between men and women.
To determine the factors that affect seasonal variation in blood pressure (BP) in a fairly large number of patients with essential hypertension who stayed almost entirely indoors in a stable environmental temperature and who took a calcium channel blocker during the study. This prospective study of hypertensive patients was conducted during the summer and winter. BP was measured by ambulatory blood pressure monitoring; the indoor temperature was measured at the time of the BP measurement using an electrothermometer with the subject awake and indoors. Subjects comprised 38 men and 57 women. The subjects spent virtually the entire day indoors during both the summer (men, 22.1 ±1.6 h; women, 23.0±0.9 h) and winter (men, 23.0±0.9 h; women, 22.9±0.9 h). During the waking hours, the systolic/diastolic BPs were significantly higher during the winter than the summer. The differences were 8±9/4±5 mmHg in men and 5±11/2±6 mmHg in women; these values were not significantly different between men and women.
No significant seasonal differences in BP during the sleeping hours were noted. There was a significant difference of approximately 6°C in the environmental temperature during waking hours, but there was no significant difference in urinary excretion of sodium or in exercise activity between the seasons. Only body height was significantly correlated with the winter increase in waking BP in both men and women, even after adjustment for potential confounding variables. Body height was a determinant of the increase in waking BP during the winter in hypertensive patients who lived almost entirely indoors.
Introduction
Studies of seasonal variations in blood pressure (BP) have shown that pressures in normotensive and hypertensive subjects are higher in winter than in summer, as measured using "casual" BP measurements (1-8), 24-h "ambulatory" BP measurements (7-12), or "home" BP measurements (7, 8, 13) . Studies of casual BP measurements suggest that age (1), body mass index (1), BP level (2), environmental temperature (3, 4, 6), and sodium intake (2) are associated with the seasonal variation in BP. However, the reliability of such casual measurements may be limited by circadian, sporadic, or random variations in BP, the "white coat" effect, and observer bias (14) . Ambulatory BP monitoring (ABPM) yields information about BP during activities of daily living (15, 16) , and is of greater value than casual BP in guiding antihypertensive treatment to prevent end-organ damage (17) . Only two prospective studies using ABPM have examined the factors affecting seasonal variation in BP in patients with essential hypertension. In one of these studies, Giaconi et al. (9) suggested that environmental temperature is a causal factor in the seasonal variation of BP, because the outdoor temperature during ABPM was correlated with the difference in BP, although there was no correlation between the environmental temperature where each subject actually lived and the difference in BP (10) . However, these two studies were small (22 and 25 subjects, respectively), and thus the conclusions that could be derived were limited. In the present study, therefore, we investigated the factors that might affect the seasonal variation in BP during the summer and winter in a relatively large number of patients with essential hypertension who maintained similar schedules and who lived almost entirely indoors.
Methods

Patients
The study group was chosen from an initial 119 outpatients with essential hypertension who were recruited during either of two recruitment periods: September to November 1994 (n72) and April to June 1996 (n = 47) . The final cohort consisted of subjects who met each of the following five criteria: 1) They had been referred to our hypertension clinic during a 3-month period after receiving treatment with only one of the following once-daily dihydropyridine calcium channel blocker: amlodipine, manidipine, benidipine, nisoldipine, or nitrendipine; 2) Secondary hypertension had been excluded by routine studies, and the patients were categorized as stage I or II by the WHO classification; 3) 24-h ABPM had been administered at least once without sleep disturbance; 4) An accurate (18) 24-h urine collection was performed at least once; and 5) On weekdays they worked in offices or stayed in houses equipped with a heating system, and they maintained a lifestyle that was similar during the summer and winter. All subjects continued to take their pre-study medicine throughout the study. They were advised not to change their daily consumption of alcohol, caffeine or tobacco, if they had such habits. Our investigation was approved by the ethics committee of Iwate Medical University. All subjects were provided with detailed information about the protocol and gave informed consent before participating.
Procedures
All subjects were evaluated twice at an interval of 6 months, once in winter (December 15 to March 15), and once in summer (July 15 to September 15) during the period between December 1994 and September 1997. Subjects were randomly assigned to one of the sequence of seasons: either winter to summer (group I) or summer to winter (group II). The measurements by ABPM, electrothermometer, pedometer, and urine collections were performed as previously reported (10) . The subjects arrived at the clinic between 9:00 AM and 12:00 noon on a weekday (Monday to Thursday). All subjects received ABPM (TM2421; A & D Inc., Tokyo) at 30-min intervals for 26 h; during this time, the subjects were instructed to measure their individual environmental temperatures with an electrothermometer (PC-2200; Satoh-keiki Inc., Tokyo) at every time of the BP measurement when they were awake and indoors. The patients noted their temperature, locations (indoors or outdoors), and activity (getting up, eating, working, sleeping) in a diary, which was provided. Within 2 weeks after the start of monitoring, 24-h urine specimens were collected in a Urimate (Sumitomo Bakelite Co., Ltd., Tokyo) for the measurement of sodium excretion. Twenty-four patients were excluded from analysis: 8 dropped out because they moved from the Morioka area, 5 altered the administration status of their antihypertensive drugs, 5 tested their ABPM for one season only, 3 measured their ABPM for less than 22 h, and 3 did not collect urine specimens. Ultimately, the datafor 95 patients (49 in group I and 46 in group II) who completed the protocol were evaluated. The average values of the daily maximum and minimum outdoor temperatures in Morioka, in the northern part of Japan (14109' E, 39°42' N), were 4.UC and -4.0°C during the winter, and 26.3°C and 16.6°C during the summer, respectively.
Measurements and Calculations
In the analysis of ambulatory BP and heart rate (HR), data from the first 2 h of BP monitoring were excluded to compensate for the white coat effect. Individual waking hours, divided into indoor and outdoor periods, and sleeping hours were determined by reference to diary entries. The total time (hours) spent outdoors each day was estimated by multiplying the number of times spent outdoors by 0.5 h. For example, the total time spent outdoors each day was considered to be 1 h (2 X 0.5) if a patient had two chances to measure their BP by the ambulatory device while outdoors. When the patients were outdoor at the time of the BP measurement, the temperature was provided from the local meteorological observatory. Individual environmental temperatures during the waking hours, divided into indoor and outdoor periods, were calculated for each subject. Alcohol consumption and the number of cigarettes smoked were estimated by questionnaire.
Statistical Methods
Data were subjected to analysis of variance using Stag view 4.0 statistical software on a Macintosh computer. All values were expressed as the mean ±SD. When the F statistic was greater than 0.05, comparisons between two groups were performed using Student's t-test. Univariate and multiple regression analyses were used to identify factors affecting the seasonal variation in BP. P values less than 0.05 was considered to indicate statistical significance.
Results
The average age at study entry was 57 ± 11 years in group I and 55 ± 11 years in group II. Male patients comprised 37% (18149) of group I and 43% (20146) of group II. The mean 24-h systolic BPs in winter were 139±14 mmHg in group I and 141 ± 11 mmHg in group II, and the mean diastolic BPs were 86 ± 9 mmHg in group I and 87 ± 10 mmHg in group II. The winter-summer differences in mean systolic BP were 4 ± 9 mmHg in group I and 6 ± 9 mmHg in group II, and those in diastolic BP were 2±5 mmHg in group I and 2 ± 5 mmHg in group II. Since these values and the other variables measured (data not shown) were not significantly different between the two groups, further analyses were performed by combining the two groups.
The clinical characteristics of the men and women who completed the study are shown in Table 1 . Body height was significantly greater in men than in women; age and body mass index were not significantly different between the sexes. Seasonal variations in BP, estimated by ABPM, are shown in Table 2 . The 24-h as well as the waking-time systolic and diastolic BPs were significantly higher in winter than in summer. The sleeping systolic and diastolic BPs were not significantly different between the seasons. There were no significant differences between men and women in the winter-summer BP difference obtained from the 24-h, waking, and sleeping periods. The HR (beats per min) in the waking period was significantly higher in winter than summer both in men (75 ±11 vs. 72±1, p < 0.05) and women (74±9 vs. 71±9, p <0.005). The HR in the sleeping period was significantly higher in winter than summer in women (61 ± 8 vs. 58 ± 6, p<O.05), while it was not significantly different in men (61±8 vs. 61±8, p=0.83).
The other parameters that might have influenced seasonal BP variations are shown in Table 3 . There were significant differences between the seasons in the environmental temperatures during the waking hours, which were divided into indoor and outdoor periods. The difference was 6.0±2.6°C for men and 6.4±3.3°C for women between the summer and winter environmental temperatures during the waking hour, including both indoor and outdoor periods. While time spent indoors was greater in winter, there were no significant seasonal differences in body weight, sleeping hours, walking steps, sodium excretion, smoking, or alcohol intake (Table 3) .
By univariate analyses, the body height in both sexes and the winter-summer difference in HR in women were significantly correlated with the winter-summer mean BP difference during the waking hours, although the other factors analyzed showed no significant correlation with the BP difference ( Table 4) . The relationship between body height and BP difference is shown in Fig. 1 . Multiple regression analysis was performed on the data using a forward selection procedure with the difference in mean BP taken as the dependent variable, and 12 potential confounding parameters in men and 10 in women (Table 4) as the independent variables. Only body height (r=0.399) significantly correlated with the mean winter-summer BP difference in men, while body height (r=0.494), age (r= 0.272), and the difference in heart rate (r=0.251) were significant in women.
Discussion
This relatively large, prospective study showed that waking BP as assessed by ABPM is significantly higher in winter than in summer in patients with essential hypertension. This finding is consistent with other reports with regard to not only hypertensive patients (7, 9, 10) but also normotensive subjects (8, 11, 12) . Both the average systolic and diastolic winter-summer BP differences during the waking hours were similar to those mentioned in other reports (7, 9-12) (systolic BP difference, 3-7 mmHg; diastolic BP differnce, 1-7 mmHg). No statistically significant difference was observed in sleeping BP in this study, which is in agreement with the findings of previous studies, except for one observational study (8). Thus, our results support the proposal that the seasonal variation in BP is due entirely to the difference in the waking BP values. The sympathetic nervous system is thought to be involved in the winter-summer difference in BP; Hata et al.
(2) showed that urinary norepinephrine excretion was significantly higher in winter than in summer. In the present study, although this parameter was not measured, increased heart rate was observed in winter, supporting that increased sympathetic nerve activity in winter may cause the increased waking BP during this season. The present study demonstrated that body height is a factor that affects the seasonal variation in BP, because body height was significantly correlated with the wintersummer BP difference during the waking hours even after adjustment for a variety of other variables in both men and women. This is the first report to identify a determinant of the seasonal variation in waking BP, although many other confounding factors have been proposed. To our knowledge, no previous studies have examined body height as a confounding factor for the seasonal variation in BP. The present study suggests that previously proposed confounding factors have little impact on the causes of the seasonal variation in BP of hypertensive patients who spend much of their time indoors and experience only a slight seasonal difference in the environmental temperature, in contrast to prior studies in which the subjects had more exposure to the cold in the winter. As a result, our data indicate that body height is an important determinant of the seasonal variation in BP of such subjects.
Taller patients showed a greater winter-summer BP difference in waking period, suggesting that greater attention should be paid to the seasonal variation in BP in taller patients. Improved BP control may lead to a reduction in the incidence of cerebrovascular disease, since the incidence of which is higher in winter than in summer (19) , and since it has been shown that a reduction in BP by antihypertensive drug treatment decreases the incidence of cerebrovascular disease in hypertensive patients (20) .
It remains uncertain what mechanism is responsible for the increase in winter-summer difference in waking BP of the taller subjects. However, we postulate that during waking hours, the subjects are usually upright (sitting or standing), which postures would stimulate sympathetic activity (21) . Kahn (22) assumed, from a physiologic point of view, that taller subjects need a higher BP to maintain cerebral blood flow against gravitational forces. Thus, when upright, taller subjects may require a greater cardiovascular load to elevate BP by unidentified mechanisms, which may include sympathetic activity. A positive correlation between the body height and sitting BP has been reported in a large population (23, 24) . Exposure to cold in winter may potentiate the BP response in taller upright subjects, just as it may potentiate the pressor response caused by smoking in smokers (12) . Further studies will be needed to clarify these mechanisms.
The lifestyle parameters that were significantly different between the two seasons were the indoor temperature during waking hours and the time spent outdoors (Table  3) . The difference in the environmental temperature or exposure time in winter, however, was not significantly correlated with the winter-summer difference in waking BP, which finding agreed with that in our previous study (10) . This suggests that the extent and degree of exposure to cold in the present study are not sufficient to affect the seasonal variation of BP in hypertensive Japanese patients.
The daily sodium intake is known to be high in the Morioka area (17) , and the present study confirmed this observation. The amount of sodium excretion is unlikely to be the cause of seasonal variation in BP, since the excretion rate was unrelated to the winter-summer BP difference. Furthermore, neither body mass index (1), nor BP (2) influenced the seasonal variation in BP because these factors were also unrelated to the winter-summer BP difference. Kristal-Boneh et al. (12) suggested that smoking affects the seasonal variation in the BP of normotensive individuals; our results on this point were inconclusive in this regard because of the small number of smokers in this study (n =16) . Giaconi et al. (9) suggested that the seasonal sequence of a study may affect the ABPM; values for the wintersummer difference in waking and sleeping BPs were higher in the winter-to-summer than the summer-to-winter sequence. These authors suggested that this phenomenon was due to familiarization with the repeated measurements. In our study, however, which was performed using a larger cohort, seasonal sequence had no apparent effect on the ABPM. It is possible that our selection of patients who had undergone 24-h ABPM at least once prior to the entry reduced the familiarization effect.
We must emphasize that we only selected subjects who received once-daily calcium channel blockers, since these agents are commonly used in Japan to control hypertension (25) . It is possible that other antihypertensive drugs may modify the seasonal variation in BP, although this has not been found in two other studies (1, 8) . Also, we selected subjects who lived almost entirely indoors with stable environmental temperatures. It is possible that subjects who spend more time outdoors, exposed to the cold, may have a greater degree of seasonal variation in BP.
Our study was limited in that we estimated the sodium excretion based on one 24-h urine sample. Because sodium excretion varies daily (26) , repeated collections are needed to confirm the reliability of our estimates of sodium intake. Also, we measured the ABPM only once per season. Repeated measurements of ABPM would increase the reliability of data related to seasonal change in BP.
In conclusion, body height was found to be a determinant of the seasonal variation in BP, as characterized by an increase in waking BP during the winter, in hypertensive Japanese patients who lived almost entirely indoors.
